Human lactoferrin (hLF) as well as bovine lactoferrin (bLF) inhibited infection of tissue culture cells with human cytomegalovirus (HCMV) and human herpes simplex virus-1(HSV-1).
Department of Molecular Life Science, School of Medicine, Tokai University, Bohseidai, Isehara, Kanagawa 259-11, and 1 Technical Research Institute, Snow Brand Milk Products Co. Ltd., 1-2 Minamidai 1-chome, Kawagoe, Saitama 350 (Received December 10, 1993 . Accepted May, 12, 1994 SUMMARY:
Human lactoferrin (hLF) as well as bovine lactoferrin (bLF) inhibited infection of tissue culture cells with human cytomegalovirus (HCMV) and human herpes simplex virus-1(HSV-1).
The addition of lactoferrin (LF) inhibited both in vitro infection and replication of HCMV and HSV-1 in human embryo lung host cells. The maximum inhibition by more than six exponentials of TCID50 for HCMV and four exponentials for HSV-1 was obtained at a concentration in a range from 0.5 to 1 mg of LF per ml of medium.
The antiviral activity of LF was associated with its protein moiety, but not with its iron molecule or sialic acid. None of other transferrin gene family members bound to ferrous ions or sialic acid possessed significant antiviral activity.
Additionally, we found that LF prevented virus adsorption and/or penetration into host cells, indicating an effect on the early events of virus infection. Preincubation of host cells with LF for 5 to 10 min was sufficient to prevent HCMV infection, even when LF was removed after addition of virus. These results sug- Conditions for virus infection and detection of virus are described in the Materials and Methods.
of HSV-1 (Fig. 2) . HCMV and HSV-1 replications were reduced, respectively by six exponentials and three exponentials of TCID50 upon incubation with hLF (Fig. 2) .
Effects of Trypsin Digestion on HCMV Replication
The moiety of the LF molecule responsible for its antiviral activity was investigated by assessing the ability of various bLF tryptic digests to inhibit HCMV replication (Fig.3) . The ability of LF to inhibit viral replication decreased with the period of trypsin digestion, diminishing to the control level by 1 hr after trypsin digestion. Our hypothesis that the antiviral activity of LF is associated with a protein moiety is further supported by this experiment.
Comparison of the Antiherpetic Activities of Other Trans ferrin Gene Members
We then compared the antiherpetic activities of LF, sTF and oTF. These proteins belong to the same gene family and molecular analysis has demonstrated a 60% amino acid homology among the three proteins. LF, sTF and oTF all contain Fe and sialic acid, but neither sTF nor oTF inhibited herpesvirus replication (Table III) . This suggests that the ability of LF to inhibit replication is due to its unique protein composition.
Inhibition by LF of Virus Adsorption to Host Cells The effects of preincubating virus or host cells with LF on the inhibition of viral replication were compared by plaque assay. Preincubation of the cells with LF resulted in a greater inhibition of virus replication than that of the virus with LF (Fig. 4) . At a low concentration of LF (0.25 mg/ml), plaque formation was reduced by 50% and 17% after preincubation of the cells and the virus with LF, respectively (Fig. 4) . (Table IV) . with 1 mg/ml of bLF for the periods indicated.
The ability of the virus to enter the cells preincubated with LF was monitored by PCR. After viral infection, amplified HCMV DNA was detected in the cells preincubated with serum transferrin but not in those preincubated with LF for 10 min (Fig. 5) . These results also suggest that LF inhibits adsorption and/or penetration of the virus to the host cells.
DISCUSSION
The experiments described in this communication demonstrated the ability of LFs (hLF and bLF) to inhibit significantly the HCMV and HSV-1 infection in vitro. Although relatively high concentrations of LFs were needed for the antiviral activity (0.1 to 1 mg/ml) (Fig. 1) , the LF levels is in fact very high in colostrum (30 mg/ml) (2). Therefore, a large quantity of LF may be involved in in vivo as well as in vitro prevention of viral infection. We hypothesize that the antiviral activity of LF is elicited by its protein moiety since its antiviral activity was only minimally affected by removal of ferrous ions or sialic acid moieties (Table II) , and digestion of LF with trypsin significantly reduced its antiviral activity (Fig. 3) . hypothesis that the antiviral activity of LF is associated with its protein moiety.
The inhibitory effect of LF appears to involve early events in virus infection. Viral DNA was not detected in the host cells preincubated with LF (Fig. 5) . The precise mechanism involved in this process remains to be clarified.
A close relationship between LF plasma levels and the onset of viral disease has been observed by Baynes et al (10). Our results suggest that LF possesses a potent antiviral activity and may be useful in preventing viral infection in humans.
